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(54) SEMICONDUCTOR LASER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the threshold of a 
highly reliable semiconductor laser containing no much 
cracks and having an FFP showing a unhmodal property, 
and to operate the laser with a low voltage so that the laser 
may be used practically for optical disks, etc. 
-SOLUTJOI^In-a-semi 
a gallium nitride compound semiconductor and has a double 
heterostructure in which an MQW active layer 118 is held 
between p- and n-type AIGaN clad layers 115 and 121, a p- 
type InGaN light absorbing layer 122 having higher 
absorptance than the p-type clad layer 121 has is arranged 
on the side of the clad layer 121 opposite to the active 
layer 1 18 and a p-type InAIGaN low-refractive-index layer 
124 having a lower refractive index than the clad layer 121 
is arranged on the outside of the light absorbing layer 122. 
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11-25 1685 



[SMI ] r£ 

ausswr s*#» u -if -ca r , 

-rs¥*ttu-if. 

■flufiswr u -if xh ^ x, 

1 1 »<z>a{b«i»*»fla&>6&a» i 

U SoUMa* 7 * F»©JWyfc*ft-£*i4>& < 4 1> 1 

tint **rr u - if r * r> r , 

4t«F»4iT4*«*U--tf. 

mffSftt4JIO^> F*> * 0 fe/h3lw<> F*> 
¥*ttu-tf. 

Woe ni»ft<b**%as«tt©)i*#r*8WlBt4. 

3 ftfc n {MRU p »JHg4 €r«ifc*»# U - If "C* ^ 

iuiaan^o85fam®4a)^sp^c, asxijpo3> 40 

«*4-r*¥*#l'-tf. 

[*»3»«8 3 4 FH T$£ft, #*M Kit 

iiWB##-f FJBfeo^TpflKM/^ FJi^nf$J#^ FIB* 
XWfJffi^^^ FBKrHvtpfflf^* F» 

-If. 



[0 00 1 ] 
[0002] 

[fi£*CD&$fi] fi^, GaN, InGaN, A 1 Ga 
N , I n A 1 G a N ft 4*<Z>gffc# y >? A»f t^»*3W* 

we^awix— tfottsiu-caasnr^s. c 

Sfct^ACORSc 4*^*4*0, tEt^ x ^ & 4iff 
*«»«jsiffl<z>^ 4 b xn& £ nr <, * a . 

[0 0 0 3] SiKSCD*aW*b-1f4br I n Ga A 1 
PttfsKc<kS6 0 0nmW*iBtt, -f-fXdxDK^ii 

LT«6fle^|^u-tf<DB»3&saW,{cfft>n, Ii-vi 
GaN**3W*U— !f«3 5 0nm«T^t« 

[0004] 4C3#* COSO^^U-lf-CB, b 
*l>fMS«S«:l kA/cm 2 £TF0CC*-J\ ^/cb 
~1f|l!8B$CDMfIif^ (Far Field Pattern , fcTFF F 
P4€0S-T^) W*»ttt*'rfc«>, HIBic^-f 
&4*©36»4l/rW^C4^rt^!f#ttttj»^tiT^ 

tA lGaNSfflWWfc*, (anti-index g 

uidedmode) t ( C^^^^ o safiftCCi^fgSrttF 

n>^>7 M^UfflUt3>^^ hm<Ditfflb& 
**tt*fc^:6"rBH4Sc^rt^^:«>. ^>^^FH 

[0 00 6 ] ^/c, ^^T^TS«±CCGaN^«f4r 
JgflE btc y 7 S?«Jft^aW* If A 1 G a N * 

^«*-F<fcOL*c^©ffic^»^oaea* 
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X ir A#jK i U r tt *. §Ci BB*C £> o 

[0007] m\ttfv^2*mt^¥mfc*m^ 

AlGaNT&*9, ^8S®»f^GaN<tDfi<53l« 

* f jkdb! <t£%>tc&>, c ®m>mi& 

FFP©£A*tt*fcfce>l,Tl>-5. Cft^WCfcaWt* 
FBOA 1 ffllS*i*<-r5^^^^ FJB 

T U * fc»{t«E#«< & «5 , *x X 9 & £* -n©H 

ffl«c«trafii/*t^ ewrrttfeu ffp##* 

[0008]^/c £ ? v FBOJUMtt: I n G a N©3E 

aiFFP^cw^^i^t^, scares 20 
£<H>5ra«#*£u *-F&»#gffcT*£2a6Js 

m-SiC^PflH^SOS. C©*g*. CD^DVDf 
[ 0 0 0 9 ] SffcftS^flr?*^ -9-7 t >f TIE " 

coast- * t&ggmsk&m&v tc6m.&mt 30 

#M«r«aWT*5, B*r*3&*GaNCCJt^fil>. fi£ 

* 7 -t * 2 *> i> - If 7 a v * £ £ c c m 1 »£t c n Si i 

ft SittMMMc 2 o«±co tr- 2 #s£ 0 &o 40 

[0010] 

WM^WWOi^i-rSiHI] C<D£51C&%. ft? 

l k *l>fflRtt*#U FFP*»»»*a*SW*l/- 

1f*|gK*rSfc«i>{ctt. AlGaN^7? FHOfilS* 



1 1 -2 5 1 68 5 
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[0011] ±iB»«**fliorasjhfcfc 

FFP#iW££^U jfef^i'^^O 

A»{ t^»*»ft u - If 4 C 4 CC » 6 o 

[00 12] 

[0013] (1) m{t#ov&mt^¥m»tofi>% 

J&><Dfltel (la) ^ ^ F Jf Q 5 < t £>-#<D ^ 
*©*^*««Oi*«BfflBaLrftS. (ib)i?^^F 

< th IBfiBBl/r&S, (lc) KH©^%i!>& 
FIIAO fe»iR*©*C^*»JRJii»^7 ^ F»<fc0 

[0014] (1-1) ^©iRSW. I n A 1 G a NX« I 
(1-2) *»iR»«, i3>ft< £&-m^~?v FBiBS 
(1-3) nS-r&^RJRJBOIBIPH, «R4SWt«B©IH 

[0015] (i-4) ^^;^foSI«3>^ FJBtc 

(1-5) =i>#* F»«\ I nGaN3fc»JRJ14GaN<i: 
(1-6) ffittJBtt, ^M^FfcS-CftSCt. 

d-7) ^7 FJicc«trie«jRiitiaio, ^®*rji 

[0016] (1-8) ffi)B«T*)ltt, I nA 1 GaNXti 
A I GaN3i>6«c5Cio 

(1-9) WS-r^«^«f^@^HRI> &/S#r^Ji<t1Ig£> 

^^x^/horapgcDa^s^a^cio (1-10) & 

(l-ll) :3>#£MBj&s, A 1 GaNfifflBr*)B4Ga 
[0017] ( 2 ) IfW'J ^ A3Rffc^«*»»*6a 



(4) 



J 

sftwMsaw** & i ©tfKflw* 5 *^ a. 
» FHrofl-WfcB**** 1 ** < t «> i n©e 

[ooi8] (2-D &*m*#pm 

(2-2) je«jDW©^tt«iME«. i x l 0" cm- W± 
[ooi9] ( 3 ) mit* -J * AJfifbS* 3 ! 4 *** & ft 

j) tsttJi^issM©^^ % * 5 » Fwcttoue * 

616*3 n4*0**^-«fe 9 fettle***-©" 

[0020] (3-D #«MWtta*KF--CJBlSS*i. 

m «fc 0 » * ^ ft © 1 * * 0 * ^ ' x * J v "~ 
,<> F*> ,^^tfef), *wfft©J14>fflW* 5 

[002 1 ] (3-2) jB«*#2o©2 7c£©<t£*MMI 
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s *4tf3>*f MB. P Xi*A 

[0 02 5] (6) Jgtt«*!##-f FB-ClMEft. 

4 FH*«* 7 -v F»t?**nfc«3ft**Afc«<t^y * 

^fc^W^NW*&<c4*»*U-^*5«,»-c. (6 

a) WK**™ FJiKo«,»-C. p«#-f F*#nflH*-f 
FIB* 9 fcWCV <6b) 7 FWCow»-C. pi 

d>?*Fli# | n«l**?FJl«fc9Mtt». 

[0026] (6-1) FJBtt. pW*" FB#0. 

(tW) *?*FJBtt. pi^.HI* 5 0. 1 MfflKT 

(6-3) a > * * FHKot,>T p ffl'Jn > 5r i/ F Jf # n W * 
5, F*«fc »>*>«<. pM3>2*MS©^ S * i0 - 0 

(6-4) ft* 4 FBKoOt. #4 FlittfiS** I n G a N 

XSAlGaNti&oT, InXBAKDW^^ 

[0027] <ron> **WJ < 1 > KJ^tf- 

^d«Jfi*«BW4 * ^ » FJB©*SttJliS««K 1 n 
G a N9©*«iRIiXl«B*T*©ffiC» A 1 G aN?©S 
fflff*JB*RW*e£«:J:»>. F*»S*»IW 

<3 s»«k <fc siastc* t> =» * * H n^©*© 



[0022] ( 4 ) amJIi&StifrZ 1 * *> . 30 

-■•f Kte^-c. Mfatsffii©^> F** * fe * s 
wo f+> » i nfcdt****** 1 . B-ise 

[0023] (4-D *-!rtlia©±»«:&l*«*** 1 '' 

(4-2) mxmtmmtixM** 1 ' 40 

(4-3) ^©jrm^^ss^^f^^ 6 tt 4 " . 

(4-4) ^■^SI«fiOHBK**« : f*^* ja * 4e>tt * 1 

n ^-Stf^^iR^* 5 ^^ 6 ft-C <- » * ^ <t „ 
[0024] (5)pn^W^^S13 

WUcmiZ 3 ft/c n MR p fiW^ffi i fc*** u - 



i [0 0°2 8]*/c 3>*j'HB«PK*»«WX»Ba» 

fkj:o«B'<-**^k«> ^'^'-xmrnrnt^c 

[00291 *»H (2) "CI*. t7T^T?©I«i 
KJf5fiS3ft^h^*«*l--^ cte, ' > " C - MQW?S 
tt»fc*«»»«tt©*ft*A lGaN>5» F»©** 

BS^-e*** 5 - AlGaN«» F»©»-©^ 
0 H3C©**-F»»**-FKJt^-C!IBfe*X«* 



(5) 



«tc 4 o jaojta&s o ft fmrnn * . 3 6 fc tt#MUH&& 

[0 0 3 0] 3HR4XBttl 0* cm- x a«©WR«S«* 

#rstmr*ntf, o. i /xmefi0J¥3T&fttf+ 

I nGaNgfild;^ I ni&Sfcft^!^*** 
a e flP% k I nGaN3^«W€)¥att^i»ftX»K:«t 

£ 0 »JR«fi»Sr±tf Sfcfetctt 1 x l 0 18 cm" 3 

Jty±©^««9*jfe»iR)lCc; F-^T4cirSSCc 1 0 
4 cm-*m&%m&Ctft^mctj;Z>i£ftK>j)\ RUSK 

i «E<B«CC WSttr * 4 . 
[ 0 0 3 1 ] IP^ 2 7 ? FBO^ROTSIM^W 

fc*»<W*J&£Ta C it, m*- FttS**- F<D 

—[JbJ)J&J2ljEMLl A ) K <fcft tf , g^l^-rpffijj 
x*;i^-£D fcffii^O F*> 

^£ttffi0 6ft£F F P*i 1 o©b'~^<B$ou~lf £ 
[0 03 3 ] (4) fc±ft«, V"?v4TtiE<b 

S^O'OF^^iO^SC^OF^* 40 

tt#y$A*Ht*:- Fffl¥^u-tf«*wrsci** 

[0034] #*9J ( 5 ) fc J:ft«, «ST8»c A s , 
P£^fr I nGaAl Nf©3>^^ FB*J££M"SC 50 



HU 1 -2 5 1 68 5 



8 



3ft, -to^fe^e-F^SL/fc^jiC/SCifflofic^ 
if $ ft s. 

[0 03 5 ] ( 6 ) tc^fttf, p m#4 FBXtt 

pffl*5v F»*n«©*ftJ:9»<JBjaE'r4C<i:fcJ: 

Hi pM#-/ FBX»p»I*5 y FBiOBfcS-f*^ 

[0036] *fc#£6KCt<fcft«, pffl^V FBX«p 
flJ^y FBSrnfflU©*ft<t«3l»<JBJSS(>, £>o:3>£ 
?FB£0. 0 5/LtmEtTCc885ET4Ci(Ccfc*), p« 
#V FB, pffJ^^FB, p«|a>** FBfcfctt* 

±tfTp«W^ FB. pffll*7?FB. p«=»**F 

»K*w«»jR«*t<SK^rLari>ia*fi«L, ff 

[0 0 3 7 ] 

Office J: oTKW-TS. 

[003 8] (All Hilt *«H<D*1 



M^W£- a ~ — _ 

[0 03 9] *]ryy YTS«±1 1 0 CC. GaNH4 
5^!»77illl, Si K-7'(Dn-GaN^e>^6 
n^n>^^ FBI 1 2. Si F-:7<Dn-A 1 G a N 
HWnS^7? FBI 1 5, S i F-^<Dn -Ga 
N^^ft^nS^Fll 16, SiF-^(On-Al 
GaN^^aSnSWRBSBl 17, ^ft^ft(D/f3 
*si 0nmaT©2«B©l nA 1 Ga NBOJKOiSL/ 
rUfiSSftSHWWjS^^&S^aB^P (MQW) 
flBS^6ftSMQWrgffiil 1 8, Mg K-^p-A 
1 GaN3^6JQr5pS»]RI»aBl 1 9, Mff F-^O 
p-GaN3&>e>&Sp3[#-Y FBI 2 0, MgF-^O 
P-A 1 GaN*»6&Spffl^7^ FBI 2 K Mgr F 
-7*0 1 nGaN*»6a:SpS*!RJRBl 2 2, Mar F 
-^©GaN3fc&ftSpS:3>*^Bl 2 3, Mg F 
-7^p- I nA iGaN*>6ft«pg*i»*-F«l 

[0040]-ebT. pS3>^^H123^nfi 
nvdf^FBl 1 2Coa**raB»ttk:x^^>ys 
ft, StUC/cnl3>^^hU l 2<0^ffiK:»nffI« 
©1 2 6W£fSi*ftTl>& 0 pl3>^i?Ml 



(6) 



2 3±«t«pflJ®®l 2 51fiBl&2ti-C^Z>. 
[004 1 3 mMM 1 2 2 KOl>t8, I n*M#M 
QWtSttSl 1 8©#FHI nftWO^Ct^* 

Si, Zn.Mg^iSSH^dxlO" 

2©»*fco«,>*B. 0. 3umJilTi-r^». 

- FMM 1 2 4KOOTB. *!BM5WI 1 2 2 fc|5H*K: 

£ [ 0 0°4 2 ] H 1 iCte^t. F«8W 1 2 4 

* P S3>j»d'Hil2 3*«ClJi»W^'' 1 ** J ' 2,1 

$?H123^A1 GaNRtf/XBI nGaNiG 

3 4jB***S t Ofc»£KB. A fc^frffl©fi*!« 

*te "**«)■ 1 2 2 £#Sfift*- FM»» 1 2 4©<t" 20 

m\22tm<. GaN3>*niZ31*tC*« 

[0 043] *3BIWB*K*W £ J: ^ K . JfeWWi 1 2 
2Rtf/XB#*«*- FMBP* 1 2 4*«»fc»£ 
» AlGaN^. KB JWJ^+»-C**« => > * f F 
H12 3{cO*WJ-«81-Cfc. a>**b»12 3tc* 
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1 2 4*swfc»a. F©i6«*W]snr F 

FPB#*i&*. 

[ o o 4 6 ] s hK.*mm*wtvx t. f - 1 > y*» 
<&<,>*>xb i nm*m< *\.>it«>K.m#x+»-c*> 

3TSB 3>**Hgl2 3*K*-F«W«12 44 

^RpgKiegu «&*-F©fKfe*»*.*#B" c * 

0 i6Kfc^dl^d2/d3^d4iW<:^ 

fc©V*-4. *«k«« 1 2 2XB*- F«»» 1 2 4# 
JHWWKRtf 6iTC«,»<C^»^B. FKJ:*» 

hill 2 3*iC*- FWfflWl 2 4?:iraSKiSL, 

4. **.B196 K*5l»T. dl = d2 = d3 = d 
fc»^-C*4. £*#*4tfd0©S»-C*S«tet>a 

if4>©<fc-r&o 

[0047] ^©^S^BUS^- FK J:4^«Jfi 

k©^*^-^ 8 *^* 1 ^ 

■Cl/i'S tt^WHBB^ttlr*. FO* 
«*s^tr4i«S««»^tl^ u-1f*©«14*> 

ffl©**6l*K'X*- F©*$^-^'«* Kltt< c 
iijJfjU^. 3 >$*F)f 12 3*K««fc)f 1 



2 2 XB*- FIMaW 1 2 4 fcSHWBfcB**"* 1 *^ 



jqWO-cJtttiHfc (FFP) *#*KU 

(Near Field Pattern : N F P ) B. H2©«fc J >Ktt 

* , 00 44]CCt. p ffl 3 >**Hil2 3(c*lRiR 
g 1 2 2 FW»* 1 2 4*SWfc»£. 
NFPBH2©jS»-C5%TJ:5Kpa3>*f 2 

3©#©fctuWftJ>0. |6«L*l»«*>fiTr4. IBS 
0*^ttBH3K5%TJ:5«:. *«KJi 1 2 2 RCHfc* 
jft*- FMfM 1 2 4#ttl»»ft***fctfc«** i ' * 

^jRjg 1 2 2 fciawfciite©:** 5 t> * ^mm< . s 6 

FW»» 1 2 4©«*#*»*i«*<'>«* 40 

[ o o 4 5 ] *fc. *^jsj^«i<Dj: s u%mm 1 2 2 

fttf#»8*- FW»» 1 2 4*H3ivfc»££Rit»tt^ 
»^©FFP*tbS-r^t> H4©«fc9KttS. C©E 

*>e. «£**»e*w-r f f p#*safc#»K j: 

»ift4Ct#»*«. C©«fc5fc3tf*ttB. P-Ga 
N3>*fF«123, n -GaN3>^H112 

^^isnffib. ***-Ft?u-ifiaBL"c^*ci 

FP 1 2 3 *{C3tiRiRP 1 2 2 RCf3««K*- F««It 50 



[0048] K±©«t9KL-Clifc*9E«»»©*** 

u-ifB 4 2 onmffja©<es-c-gsa^f^b. * 

©0*t»iiBl kA/cffl ! JitTt:*)9. *fcU-1f» 
SK*»W4F F PBWC*ofc. 
[0049] C©<t^ K**JS»»K*^«- p " A 1 
G a N 2* 5 ? FH 12 16 pffl'JSffil 2 5 i©Fa1©P _ 
GaN3>ffF)1123*lC. 3>f^F)1123<b 
^©S^^P - I n GaN^iRiRIi 1 2 2RO £ P - I 
n A 1 G a N*«ie*- F««P» 1 2 4 SIEST & C t 
CCiO =J >>i> 7 F)il2 3'^©*©ii^*"^ >L '- * 

-If^tg^FFP©^^* 5 ®^**" 

FMQMI 1 2 4 ©BttfcJWWftKf * C £K«fc ^ 
■C *-F©*»*HS0« u-iflW©*- F©» 

■c ^^^^^^©W^^isuir^fii- em 

u - If «r*ST 5C6 *s bI^^c % 5 . 

[0050] <»2 ©*»»«> a 7 2 

©«WI5«Kffto4*3»» lx -1f©«^««*^-«'»HH 

0-C*2». B 1 ilaJ^tfKBlHMfW^ 



< 



(7) 
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[0 05 1 ] If" 7 7 >f TK«±1 1 OGC, GaN*>6ft 
S^b77Hll t S i K-^<Z>n-GaN36>e»aa 
nS3>i?^Ml 12, Si F^On-InAlG 
aN^e>&SnS363»ift*-FWIia«l 1 3, nl^> 
FBI 1 2, Si F-^On-InGaN*6>aS 
nffi#RiRBl 14, SS i lGaN^ 
fc&SnS^* FBI 1 5, S i -Ga N 

^645nS^ FB 1 1 6, S i F-^n-Al G 
aN^6ftanS»R»SBl 1 7, *h?ft©»S# 10 
1 0 nm&T®2mM(Dl nA 1 Ga NiKD^Dilbr 

iiasnsjHWiiia^etts^ai^F <mqw> m 

jS*>6tt*MQW?S14Bl 1 8, 
GaN^ftSpgWRRSBl 19, MgF-^Op 
-GaN^SfeipS^ FBI 2 0, Mg F-?*£>p 
-A lGaNHSt5pS^7? FB 12 1, MgF- 
:/©GaN:fce>&6pffl=i>** FBI 2 3 7M&B|g/a 

[0 05 2 ]^bT, pl3>^^H12 3^ni 
3>*£FB1 1 2©ii*s-c^^ccxv^>d/3 20 
tx, WtiOfcn®n>*£ FB 1 1 2©affiCC«nflB« 

ffi 1 26mm2ti, -*ps=j>#*fbi 231^ 

ttpfflWfli l 2 swftsSStnri**. 

[0 0 5 3] *8RJD0il 1 4tco^rtt, I nM^M 
QWSttB 1 1 8 £>#F« I n tttiU; Oil^Ci #3* 
u>#, fic>»^rfc««^7^**«KF--tr> 

ot^TB, ^©iRJil 1 4 <tia«fic»iR«ft^iffo^o 
*fflt>£)&\ 3gL<BA 1 GaN£fflC>TM/r^£Ga 30 

[0 0 5 4 ] B7ttt, #^*-F*K8Bl 1 3£n 
m^>$? bm 1 1 llRWTC^^ 2B«± 

A 1 G a NKtf/X» I n G a N t G a N ©jBtt^fllifi 
£0fc«£fcj»*ttH«r*S o a>2*F«l 12* 

fiKrSfc»fcSWF-^tfT5C4fc«Ittr**. * 
ft:. *ftiR»l 1 4 FM9» 1 1 3<D£^ 

HI 1 4#*te< , GaN^>^^ FBI l 2#fc#»iR 
*-F*08P)ll 1 3#R»T*S»£t>£**i4. 
[0 0 5 5 ]*«IBI&«tc*jW*J:5CC, ^RiRJBl 1 
4&t>VXB#2S$*~ FMOTH 1 1 3*RWfc*£ 
B, A 1 GaN^7? Fjl»3&*^F-HJr*3W3>^^ F 
Ml 1 2 6CU*ffl-rt*a"Cb, 3>^^F1112M 
#*S<«ftSCfc*l»±U W^-FCci-WW* 

SS:a>*# Fill 1 2 <«ftS#s. nl3> so 
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* £ FH 1 12 K*SftiKB 1 1 4aV*»iR*- FMfflP 
Bll34RWfc»£, ni3>^^F@l 12^0* 

[0056]IS/c, «£*f*«-CttF F PB3M*tt*5*T 

C<D<fc5&£»ttttp -GaNa>^^ Fill 2 
3, n-GaNn>#*FJBl 1 2^##ji*lttiU i» 

U *HJ6jgtt(cj:SJ:5K:nS=i>^^ FJil 12* 
Kofc»i|JUl 1 1 4R^1»- FfMfflIB 1 1 3 *RW 
10 fctg^ FFPI3#»i4S. 

[0 05 7] *RJR»1 14*RWr«>, F- 

+#T*&£tg£CCB, Fr*^s»^#t* 

6 0 cornet. mm&thx^o^<Diim^7tt> 

tl& 0 — oB, rj>££FBl 1 2*fc*-FWI8Wll 
1 3ft^*IHBK:E«L, *»*-F<D^*»l*.S# 
&T&£ 0 jfmtm 1 1 4XB*~ FttSW 1 1 33&SJH 
«8WteRtt6ftTl>&C>»£Bv Fte<fc4!6Ji 
*W**Ci*sr#4 0 fc5-o©#ftB. :a>££F 
20 11 12 FftJSUf 1 1 3 fc^BMBftKBU 1# 

F <Dfr&&&?& J: 5CC"rs*St?** fl 
[005 8] Jfcirt- FK iS«fi« 

iBtt6nfrl>#\ SPX*- F®*«*sp-1f^aBB${ctt 
1^1$ 5 <H> 5ffi«B£ D&m t£3fcB^*~ F<D 

Ct[mtb<Ul\ a>*# FBI 1 2^tifc»iKB 
30 IBBKiEB^SW^fCtt, *tt*-F©ttitt*H5£"f 

[0059] «±©<t ^ k or» tc^mmmm<D^m» 

U— tfB, 4 2 0nmftiS©iRS-CSiajlittSBib, * 
<DL*t>ilBl kA/cm 1 feTFr&D, SfcU— *f#fe 
Jg&C S F F P B**? & o fc . 

[0060] (fK3<D9®am) mtts *«w©»3 

40 r, *©»UC^»qHtt*WS-r&. 

[006 1 ] ^^T-YTS«_bl 1 Ofc, GaN^6tt 
^•7771111, S i F-:7©n-GaNj&>6>&* 
nl3>^^Ml 12, Si F-^0n-InAlG 
aN*5ft*naBeaiift*-FiSWlI«l 1 3, n^n> 
FBI 12, Si F-^€>n- 1 nGaN*%44 
n^3lc?R©Jll 1 4, Si F-^©n-AlGaN*>6 
aSnad?79 FBI 1 5, Si F-^On-GaN^ 
fcaSnSW/^ FBI 1 6, Si F-^On-A 1 Ga 
N3&>6&4naWH»aBl 1 7, *ft*n(Z>ff 3)9* 1 
50 QnmaT<D2mm® I nA 1 G a NBO^JILTtl 



< 
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fcstizmmmmfrhuzzmm+xp <mqw> mm. 

*e,ft4MQWffittJBl 1 8, Mg F-^©P-A 1 G 
aNfrfcttSpSSMMtt** 1 1 9. Mg F-^©P~ 
GaN*»6fc*pS#4 FJB1 2 0. Mg F-7"©P- 
AlGaN*>6St5pS*5» KJfl 2 1. Mg 
©I nGaN*»6ft5pa«Mlil 2 2, Mg F-7* 
OGaN*644pa3>ff'* 123 ' Mg F— ^ 
Op-InAl G a Nfr&ttfcP F*** 11 * 
12 4. plaVi'i' HI 2 3*«)S^3Wl> 

3>£i> Fill 1 2<D'M'Pt.'Cm^}^^^>^^ 
ti WHL-fcnfflaVff HI 1 2©SffiKttnOH* 

S12 6^RSESn, -^pS3>^^F)112 3Ji(C 

[0 06 3]MlR112 2Ryil4K^»- 1 

n<-r^4>cD<!:i--s. mm-mmmi 1 3x«i 

2 4WCB. *»JWi 1 1 4Rtf l 2 2 iHttKR 
jR^^lSl^O^ffl^-S^- gKBAlGaN^ffl 
C>-CJBfflf**GaNJ:0 4>ffi< 

r-s. 

[0 0 6 4] @8t1J, FftKSlll 1 1 3, 1 
24%nS3>^^Hl 1 2£p§>3>**F)il 2 
3 rtucg. 1 JfflRttt t»S#. t'fe *t? t»t>tt«r> 
^^^-^-EHJ^.1-1-4 , 12 2*2 WEUJft 

W m«a>**'l*'i* A1GaNRc;/ ' 3U * InG 
aNiGa N©att**l»i l,fc»£fc*&*ttBI*-C* 

^ 3>$^HH2, 1 2 3 iiHt^itJSi 

£tc m iSie#i6j©i&WJBffi*<B*»" 4 v&m 
4 , 122 vmm 113, 1240ft 

HI 1 4Rtf/Xttl 2 2>W»<. GaN3>*fh» 
1 1 2 FfflWH 1 1 3 

[006 5] *S0Bg«iK*JW*J:5«:. 1 1 

4.122 atf/xi****-*- ywmm 113, 12 

4 *»Wfc«^B. A 1 GaN?7^ FJBW*CF+#"C 
36*»3>**Hil 1 2, 12 3KU#Hi-ri*fc-e*>. 
3>^^Hi 12, 1 2 3 

IfclkU *;**-FKJ:**Ba*tt*t/CFFP*** 

fflt,>ftl>i«£. NFP414tpf3>i ! ^H 12 
3 n §tf=>>#? FBI 1 2KL»Hlly'ri»*Ct**» 
*4. CC-C. 3>^HH2, 12 3fc#!«Wl 

114. 122 mH&m.*- F ww» 1 1 4 • 124 

*«Wfc»£. NFP«6i3>**HH2. 1 



#H¥ 1 1 -25 1 68 5 
14 

[ 0 0 6 6 ] *fc. fiessflHStrBF f p 

*», c©J:5&£*W4ttP- GaNa> ** ,,,B12 

3, n-GaN3>f £ FH1 1 2^ft&MtlttiL. fl& 

U «HBK»tcJ:4J:^K=i>*i'Hil 12. 12 
3 cp{c*»«W 1 1 4 • 12 2 R^IiS*- F WWIB 
1 1 3. 1 2 4*ttWfc»£. FFPl***itt*. 
[0067] 3Rjafc»«©«fc5KpSa>f 2 
3. nlaVWHl 1 2©W*«:*0«^*fi*'*' 

zmmzn ^ssw* 1 * s©«. watm****** b 

Him S B Riil<C<t ^ p I t?lS©itl^ <3 ii 

[0068] «±© «t 9 K UT»fc***W^«©*** 
U-lfB. 4 2 0 nmttia©i££"CfI©iiffc&8Bt'. Jg " 
kA/cm ! «T"C*0. *fcU-!?» 
Jl&Cfctt -5 F F P «*ll*-C A -5 tc. 
[0069] (»4©*»^«) H9«. *I6W©^4 

0-CASo tt*. H 1 iH— 8B»KBH— «F#*#L' 

[0070] -t>-7WT»#Lhl 1 OK. GaNMtt 
^„ 77 S1 1 1 . S i F-7'©n-GaN*>6£c& 
n§9=i>£?FJf 1 1 2. S i F-^©n - I n A 1 G 
aN*^65n«Iit'HWl 1 3 - nS:1> 
%t> FJi 112, Si F-^"©n- I nGaN#>6fc£ 
nffl^«*TT4T~ S-rF~-7'©n— A-l-G-a-N*>6— 
tt*nS*5»FJBl 15. S i F-^©n-GaN*> 
6&5nWFI116, S i F-7'©n-A IGa 

N*»6tt4nsaawii»s« n7. *-n-en©J53# 1 

0nmHTO2Sl© 1 n A 1 G a NH©^ t 3jS0"C# 
BE3tl*JS»W»»*&a**«* : P*^ (MQW) tttt 
jfrj&ttSMQWtSttWl 1 8. MsF-^Op-AIG 
aN*>664pa«il«Sl 19. MgF-^©p-G 
aN*>6feSpS*V FBI 2 0, MgF-^OP-A 
lGaN*W*pSi'5' FH 12 1. Mg F— 7'© 
InGaN*6tt4pS**J0W12 2. ^>F-^X 
40 BS i F-7"©n- I nA!GaN»64S«»^» 
#H12 7. y>F-^«Mg F-^©P- I nA 1 
Ga N*6tt**9BS*- F*WP» 12 4, ®fc^ta » 
#|f 1 2 7*«BR«i5tfE3h-Ct»*. 

[0071] tiwc&mti*- rmm 1 2 4&trfcm 

□gBRtfUit^ci 9**127 ±KB. Mg F — "7'©G 
aN^ftSpfia^fUl 23 ' pS»3fc«&*- 
FMW112 4. P a=i>ir*Hil 2 3#«fflBfiS3 

tree**. *t/t. P S3>$nii23* 

so 6nS=»>*f FJfl 1 2©i**t?»»WKi»f > 



30 



4 
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?$ti. SfflL//cna3>^^ FBI 12CDSBtCKn 

2 6«$n, v>m^>$t>hm i 2 3±ct 

«pffl!j««l 2 5#*jf£>&£ftT^&o 
[007 2] *»4XJil2 2RVl 14CCOt,i-Ctt, I 
nfi^MQWrStti 1 1 8<D#FB I nfflfSJcOm* 

KF-fc'^-r-St 4fc:J;0:7 V-** 'JTOX^K 

Lr«iRflMK*iBKTSfc©4T4. %m&*-¥ffl9 
mi i 3X«i 2 4ccoiir«, ymwm i 1 4Si?i 

2 2 il3tttcKJR»»3&si«ECifc<D«rfflCiS*>. £L<tt 10 
A 1 GaN5:ffll^IJT$*GaNJ:Hfi< btci><D 

[0 07 3] B9ttt, M^FW1*pI3> 
£^FB123, ni3>^ hill 1 2#CC&lBf£ 

FfW«»*2*K±»»> mtf=a>** fbrcj/x 

tt«iS6^a ^ ^B£ A 1 G a NRtf/XW: InGaNi 

(Da^JffifSSfiS-rSfcfeCcSIH K-^4tf5C 4 feW 20 

Ste, 1 1 4, 1 22 4#»ifre- 

FiMffiM 113, 12 4(D4*fe6*>— ;&/cW*RW4C 

ttajufir**. «ju*#«W5ubi 1 4aa p /xa:i 2 

2j&3&< , GaNa>W FB 1 1 2, 12 3ttC*i 
FSOfflM 113,1 2 4**RW't*4»^fc#* 

[0 07 4] #|gft^jiBK:bW4 <fc 5 K:/a vt?mi2 
7RU/X&*>*9 1 1 2. 12 3*CC^©KH 

— mrr" r2-2&t?rx^ 

1 2 4 %mittM&\** AlGaN^7*; FBJ?#^+ 30 

^-c^^>^^ hfi i i 2, i 2 3ccu*w-rttsat? 

fe, :n>£^FB112, 1 2 3tC36^A*<il*iSC 
4*R6±U l«^- : t-FCCJ:S*S*W*JU'rFFP* 

12, 12 3^cMiRil 14, 12 2W3feI^ 
- FfWBPB 113, 124 *SW F F P W** 
itti. 

[0 0 7 5 ] feLb© <* 5 K Lr »te**ft»JRO^NMt 
U-lfW. 420nm#ia©jSfiT?SiSattSaiL. * 
©L*l>ffi«l kA/cm' «Tr*l *fcU-1f» 40 
Mte tett SFFP BJWe* o fc. 

[0 0 7 6 ] (»5 CD»feJf5&0 HlOli. 
5 ©IQW&JK&Cfl&b S U - If ©SR^-fltS*^ Wf 

[0077] ftttcmwi;tcm4<Dmm&i£±<Dm>itz. 

Wft*sg*sp-A 1 GaN^7^ FBI 2 lr&SftT 
l^CiTWo ^D^il27ttSi F-^OGa 
NX»3*KttS i F-^©A 1 GaNXBI nGa 
N"C$>f3. FBI 2 1 4HC7iG®lKJt 1 2 2*1»» 50 
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6ftTl>£ 0 3>^^M123 tp$C I n G a N 

Xfc*A 1 GaNjGpettSz**^- FWJ8PB 1 2 4*8tf 

[0 0 7 8] pflijecto^r, jmwm 1 2 2Scj c 363»« 

FfWfBMl 2 44^n^ll 2 7S^3>^^ F 

1 2 3»*K»W4C4K:J:lK F F P(D*Wfc*3lfiSt 
T£C4^T^ ^^1127, n>£^FB12 
3^©jfc©U#fflU*ffi«0T, Utl>fii£Ttf&C4 

[0 07 9 ] *^»J^«CC*5W-5 J: ^ tc, *MXB 1 1 
4 . 12 2 Rtf /XttJte***- FWMPJB 113, 12 
4*KWfc»£tt, *3&S3>df^hBl 1 2, 123X 

«««:/n 7^11 2 7ccu^tH-r«arfe. cn^co 

^i*ffll«IL-Cjia»«FFP**»K:i/. L#^ffl* 
<B»r5C4*ST?*-5. fi£*«3frT?ttFFPtt£ 
(*tt%^-r^ C<DJ:5tt£r*ttrap -GaN:a>#^ 
FB123, n-GaNn>^^FJll 1 2^Wiiti 
UiU F-CU— lf«!iLrii4C4CceH-r 

z>o Lfcits ^mmmm^cxhx^^zi^ ^ {; vm \ 1 

2 , 12 3 *K:3t!RiR» 114, 12 2Rtf3B»i&*- 
FfflfflW 113,1 24Wfc^ F F PBidi 

[0 08 0] «±<D J: 5 K UTf#/t#^ff£PJ(D^t* 
U-tftt, 4 2 0 n mtti£<Di£firSi^ftf^U * 

IfflC *s £ F F P & o /Co 

[0081] *»9Btt±as bfc* i -mscDmm 

fc<D"C«fc<* Si. SiC, MgA 1 2 , GaN 
&4**>BfflnIffi'r*4. *^ *BRJRB«**i*CcSffL 
tx*;i/f t ^ Whtf G a I n A 1 BN© 

g, S i CC|E6n4t>©'CBa< , ySttB*>6<D36CC*f 

[0 08 2] (*6<DlHlJgJB) 181 IB, 

[0 08 3]H I t I 2 0 1Bt77-fTaiR , r*^ CCD 
»R2 0 1±CC«, n-GaN3>^ FB2 0 2 (S 
i F-^, 5xl0 18 cm -3 , 3 urn) , n-In 0 . 2 
Ga 0 .s N^®iRB2 0 3 (S i F-^. 5X1 0 18 c 



lMm). n-AU.oeGa 0 .9iN^7'; F 



12 04 (Si F-^, 1X10' 



c m" 



0. 8/2 



m) k n 
0 18 cm- 
CS nm, 



-GaN*«&B2 0 5 (S i K-^. 1M 
0. lMm)v I n 0 .uGa B .„N#Fl 
5B) 4 I n 0 .02Ga 0 .s 9 NmMm (6n 
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m) rtPfcaS^SaWW 5 (MQW) Sttl2 0 6, p 
-AU. 2 Ga a .aN*^yT*-^-7P-l»±JB2 
0 7 (2 0 nm) , p -GaN*»igH2 0 8 (Mg F 
ixi0 18 cm -3 , 0. 1 um) , p-Al 0 .» 
Ga 0(9i N^7^ FJB2 0 9 (Mgr F-7\ 1X10 18 
cm" 3 , 0. 8 Mm) , p - I n 0 .jGa 0> , Nt£®*K 
12 10 (Mg 5xl0 18 cm- 3 , 0. 1m 

m) v p -GaN3>^^ FJB2 1 1 (Mg F-^. 2 
xl0 18 cm- 3 , 0. 1 Mm) sWsfcfiJ&fcStvT^S. 
[0 0 84] pI3>^^ FIB 2 1 1 O^H3&>6nSa=J 10 
FB2 0 2<Di£#$-CX h^^^CD^It^b 

ri&ssn, jaofcy^oflmaptctt, p-Ai 0 , O! Ga 

o^iNSS^O^^fS 1 2 (MgF-7', ix 10 18 
cnr\ 0. 1 Mm) , n - I n 0lI Ga 0> , Nt(c®& 
H213 (Si F-^, 5 x 1 0 18 cm"\ 0. 3m 
m) , n-GaNli^a^I (S i F-7*. lxl 
0 ls cm- 3 , 2 Mm) 2 1 4&m&Mi&2tlXi<*2>. * 
LX. jt?±&RVn&jffi?V>7 9m2 1 4±tCtt, 
p -GaNn>3?^ hH2 1 5 (Mg F-7*. 2X10 
19 cm" 3 , 0. 2mn)^S»nri^ e 20 
[0 08 5] $/c k pS3»(^H2 15®SI*>6 
pS*S£^p?#B2 1 2*r*«— SSI^*Sh, ^ttib 
/cni^>^^ FH2 0 2±CCA 1 /T i /AuW6 
*nffl«ffi2 1 7^M^ti, -Jpi3>^^ F»2 
1 5±tCttP t/T i/P t/Au/pe>&£pM»ffi2 
16/!)W3ntt,^ 0 -eit, 1S2 16, 2 17^ 

&CS i O, tfifkR2 1 8)W&iR3JtTCl>£. ttte, MQ 

ii*Lri>&l^ U~1f*ffiSM8fflfc:«T i O, /S i 30 

[0 0 8 6 ] *H«SJK)l8rtt. ^fl^SO . 5 mmOiS 
L*C»ffl«St7 0mA, USifi4 2 0nm, tbfp 
mBE5. 2 VXWMMmmMLtc 0 3 6fc:5 0°C, 5 m 

[008 7] imimm\s-- !f<DMte, MQW?£ffli2 
0 6*»t?A 1 GaN^r; FJB2 0 4X0*2 0 9<Dft 40 

AlGaN^7^FI204M209 
©i1HW^©SS*UlLfc*K:3ftur I nGaN5fc!8MJW2 

0 3SO'2 10 CCJ: o w^coaisa*- F 

n - I n 0 . 2 Ga 0 . 8 N*RJRJB2 1 3#lffiK 

(ofcW-m*- F«S#*- F(tJfc^T»5fe*X&i27* F 
p toffifi o ft *«ifw o , s < -r & c i so 
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0.4m mfia<D5^^ffittJitHCD$fJ^^S-C*> &<D 

[0 0 8 8 ] 3 n - I n 0 . 2 Ga 9> , N*aR4SUS 
2 0 3, p-In Q(l Ga e ., N ;*©lKB 2 1 0 

n - I n 0 . 15 Ga,. r5 N (Si 5x10 
"cm" 3 , 3nm, 1 0 M) n - I n 5 . 02 G a 

a . 9S N (Si F^7\ 5xi0 18 cnr 3 , 6nm)Bt 
»*i6tt4a^#F«Ji*ByRJl. p- I n..,,Ga 
,.„N(MgF^, 5xi0 18 cm- 3 , 3nm, 10 
■ )#Piip-In,.„Ga,.„N (MgF-^, 5 
xi0 lft cm- J , 6nm) WI^SrSl^FHa 
^«JfKfU.&C<tr, FFPtt*¥ft7 # . Sitft 
2 0* -CSMtfcf-^te, ^jSR^«3 MmK:*^8fT 

[008 9] (*7 ©HlfcJBffl) H12B, 

•TKfflHt!**. £t*>\ SI 1 iim — 8^«:«PI— 

[0 0 9 0] *JUtJI5j!8*!H 1 1 -C^3n&lg6 cD^SS 
JgflSCCWLTSteS^tt. n-GaN3>^ F»2 0 
2#n-In 0 .i Ga 5 . 8 Nt£8£iK@ 2 0 3 CC, p-G 
-a-N^^-£-^-Ji-2-l-l^^ 
... N#»JR»2 1 0CC«*ft*r*SCtr*4. fi£ 
ot 4 n- I no. 2 Ga0.8 N#RJR»2 0 3Wp 
- I no. 2 Ga0.8 N^JKB2 1 0U3£RJD«<!:«« 
rJ>£^ F»*3fcbT^£o 

[009 1 ] *mmmr?\t. ftJSSfiO . 5 mmCDti 
l#l«7 5mA, Sl«g4 2 0nm, BbfP 
WE4. 8VCS»iii»»fiLfc, 3 6CC % 5 0°C, 5 
mWfgttCCfcWSrJR^SABS 0 0 0 B#F a ^tt±-C&o 
fc. FFPW?ft5° . SiEft2 0 o rmut© 

3€>CC#^PHS»4Mmi/hS<. 

[0 09 2 ] *H^ffJ^U-1f^i&^, MQWr§ttJ12 

0 6 £i&t?A lGaN^7-> FB 2 0 4R^2 0 9 CD?f 
«J«:tt»«jecc»UraM&G a NIBn -GaNlS£ 
^D^i2 1 4©*#t**fcft, F«*6©^ 
jSBgJKiEISSCCSaKftt?*^^, I n G a NTtQRiRHOC 

^eoHttJBfflcctt^rfe, FFP©jfc^5ft©W 

1 nGaN^PRjRH2 0 3RE>'2 1 0 3W«*3>*^ F 
B^^fe-SODt?, SMa^n^pflg. nflB*«:T*J0ttff 
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[0 0 9 3 ] *»Wtt±a 0fc»6 -Iff 7 <D^]Jg 

JB«CcR6ti*«>CDr«a<. Si, Si 

C, Mg A 1 2 0 4 , GaNte£fe»TOBr&5. S 

SWWiGa InAl BN©tt*fifiRT^C». £/c, * 

io 5 cm^effitDRjRastowsstinK. w« 

[0 094] (*8 OlHfc»«> B13B, 

[0 09 5] H*<D3 0 0ttif7r>fTSffi"C*«3. C 
<D*«3 0 0_hOC«, AlN/InNatt^y77l 
30 1 (T>F-:?\ 4 Mm, /? 5 CD it A 1 N : InN 
= 8:2), n - I n 0 .! Ga 0 . 9 NrJ>#^FJ130 
2 ( S i F-:/. 3-5xl0 18 cm' 3 , 4 Mm) , n 
-GaN/Ga 0 . 8S A s 9 . ls Na^*©iRJ13 0 3 20 

(S i F-^, 3-5 x 1 0 18 cm" 3 , 0. 1 Mm, 
£(Dj:bGaN :GaAsN = 8:2Kn-Al„. 3 G 
a 0 . 7 N&^v FJ13 0 4 (Si F-?\ 5x 1 0 17 c 
nr\ 0. 3Mm) , In,., Ga 0 . 8 NSSffil305 

(T>F-:?\ 0. 1 /zmK p-A1o.j Ga 0 . 7 N 
#^*FJi3 0 6 (MgF-^, 5xl0 17 cm" 3 , 
0, 3Mm), p-GaN/Gao.ssAsB.tiNBft^ 
3fcBR4XH3 0 7 (Mg F-^. 1 -3 x 1 0 18 c m" 3 , 

-0— 1-M-m— !f^-OJ;b-G-a-N-%-G-a-A-s-N-=-8-T-2-K — 

p-In Bll Ga,. 9 N=i>£*M1308 (MG F — 30 
y\ 1-3 x l o 18 cm" 3 , 0. l/im)«SM^ 
tlTt^S. &J13 0 2-3 0 8 CDM H B a J&gte, MOCV 

[0 09 6] ±ia^B3 0 2-3 0 8<DJ&fiSL pat 

n>^^FJB3 0 2tc*i-S*-CXy^>^*m^ 

i>r^ffltcy-^«ift*i»<fc*cDS io, £ttWc 0 

*i**L. pi, n!0lS^I3 1 1, 3 
U/Co 40 
[009 7] pS. nSS(CGaN/Ga B . S5 As tt . 15 
Njffi*&-?3fc®JKJ!3 0 3, 30 7tt AIN/InNI 
^A^7rI3 0 HCtS^fi'&UrfcO. SSI3 0 
5 *> 6h Jl'^- <t 0 t'h 3 > F ^ 
t^WtSI nN*^r*5 0COIiCC*Jl»rSaii[5C 

[0 09 8] tfrtt. ltC«80m 

Ar£»SItt»SLfc. M«f[Stt4 2 0nm, UffK 
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tt^^O^F-CDl 0 OmA6Cj;b^8 OmA<t{£<fro 

Blo<Df-^CC&D, SiB#fr<D^fiI*I& 1 4' 

[00 9 91 S/C ^Ht»S»iSfi*ffiiUrMOCV 
[0100] (*9 CDSaHMSlB) HI 4 tt, 

[0 10 1]f77^7l«3 2 0OitC, AIN^^ 
7?i321 (T>F-7\ lOnm), n-In 9il 
Ga 0 . 9 Nrn>£^FJt322 (Si F-"7\ U10 
"cm -3 . 3/im) 4 n-Gao.97Aso.03 N^^iR 
1323 (Si F-7\ 3-5xi0 18 cnr\ 0. 1 
Mm), n-A U.t Ga 0 . 5 N#^* FB324 (S 

i F-7\ 5xi0 17 cm" 3 , 0. 8 Mm) , GaN^ 
g§Di£#>Jf 3 2 5 (S i 0. 1 Mm) . I n 

0 . 2 Ga 0 . s NrS&®32 6 (S i F-^, lOn 
m) , GaN*fflGiA^®3 2 7 (T> F — "7", 0. 1 
Mm), p-Alo.tGao., FJf 32 8 (M 



g F-7\ 5X 1 0 1 



c m" 



0. 8/im) , p-Ga 



». !(7 As B . 03 NaiR13 29 (MgF-7' ( 1 -3 x 
10 18 cm~ 3 . 0. 1 Mm) , p-In 0 .i Ga 0 . 9 N 
a>5f^H3 30 (MgF-^, 1— 3xi0 18 cm 
-\ 0. 3Mm)«lM?titt^ 0 ttfc, Cti6 

— [-0-1t-G-2-]-^-"EV-pS-^^^ 



e,nS^>^^ FJ13 2 2CC*r4S"C— a$*sx**-> 
^A^tftiSn, Bfe*3ft/cnSE:3>*# FJI3 2 
2±&C«nffl!j«ffi3 3 2^M?n, pWJ«S3 3 0± 
5C«pffJ»ffi3 3 1 ifiBl&$tiXZ> 9 m®?fMSB 
*B£<^BCCtt, U — < S i 0 2 j&iSi 

R3 3 3^j®snrc^4. 

[0 103] pS, naSCC, Ga 0 . 97 ASo.oaNtt 
iRJg3 2 3, 3 2 9©Wft» I n a .» Ga 0 . 9 NCC 
t&^fi^LTfcO, ffitti3 2 6 3fc6*tf&*i4*©x 

[0 10 4] *«JSC0*-?-W3:L#^ffi8 0mAr8 0 
0 C$"Ca^^gU/c o ?&^fift»3 7 5nm» ftfPUffi 

ior^ofen^fiSSti^Jltr^afffi* 5 * < fie* 

[0 10 5] <»1 0<C«lt»ffl) HI 5t*. *«BB© 
»1 0(OS6lfc»J»CC«t>4«e*#»U-tf©«^rt 



4 



(12) 



21 



10 



[OlO6]0t©34OimT'(7l«, 341« 
n -GaN'<»5Tl(7>F-^. 0. Um) . 3 
42«n-Ga„. s Al... Sb,, N... h 
*flUDM (SiF^, 3~5XlO"cnr 3 , 4(i 
m) . 343«n-A 1 GaNf?v KB (Si F — 
-J 5xl0 ,7 cm- 3 , 0. 3wm). 3 4 4Bn-G 
aNWFKSiF^, 5XlO»cm-. 0^ 
lam) . 345Bln,, Ga,., N/GaN^It 
^pffittH (7>F-7\ #P*2nm, P*ltta4n 
m «7»3> . 3 4 6«P-GaN##-(F» (Ms 
F*-^ 5X1 0 1 ' cm"', 0. Um). 3 4 7«P 
-AlGaN^.Fi (M?F^, 5XlO"cm 
- 3 0 3(im). 348«p-Ga... Al... Sb 

' N , , ^zzvitmm (MGF-?\ 1~3 X 

W'cnr 3 . 0. Bum). 349«n-GaNSS 
WBBCSiF-^. ixl0"cm- s , 0. 3m 
m ) . 3 5 0Bp-GaN3>jni. 3 5 1«pffl 

^ffi 3 5 2 « n fflijmg-Cdb ^> . 

[0107] ffttfrffi». ^J^K*^**- fe* 20 
CCMOCVDffiKJ:*)n-GaNa*»SW3 4 9*-C 

buso*©*. awMffl 309 ©±k-»7 * f «j v 

GaAl SbN7t©iR)t3 4 8*^ta^€»*^-^ > 
if*tf*>. p-GaN3>f*H350t« 

«3 4 2K:ari*t!-ai*«!*u «Hofcnsa> 

jcp^3>^^ F 
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0 17 cm- J , 0. 3um). 3 B 8ttn-GaN/Ga 
. . P. , NjB**#««» <S i F-7. 1X10" 
cm -' 0. 4 nm. If 3©JtG a N : G a PN = 0 . 
7:0*. 3), 3B9«p-GaNW«*»M (MbF 
-7', 



5Xl0 17 cnr 5 , 0. l«m). 370»n 



13 5 0 ±CC p ffl(SB3 5 1 
SCiSCj: 1 ). 01 5CD^* 5 #^^*» 

-emU&mm&Lfc «SSl*4 2 0nm. »fWE 
»3. 8V?*ok. 

[0 1091 091 1 B17«. 
01 i©^»^C^*#fe*^l-'^®®« 

[0 1 1 0 1 Hcf>©3 6 0ttp-S iCSS. 361B 
p-Al N/I nN^»5rl (Mb F-^3~5X 1 
0 " cm -', lam, J?S<DtbAlN: InN=0. 
7:0. 3) . 362Bp-GaN/Ga,., P..i N 
i«fltf«!J(MBF-7-, ixi0"cm". 0. 
4am, JPSOJtGaN : GaPN=0. 7:0. 
3) . 363«p-Al... Ga,, N^7,Fi (M 
gK-^- 5Xl0 17 cm' 3 , 0. 3am). 3 64U 
Al. , Ga... N**"FB(7>F-*. 0. 0 1 
am) SBBtt^M^HSttJiln..! Ga... 
N/Al, . Ga...N (7>F-^, #PJS2nm, 
pgai¥4nm. 3^7) . 388BA1... Ga... N 
##-f FJB (7>F-7, 0. 0 1 Mm). 3 6 7»n 
-Al. 3 Ga., N*?»F» (S i F-?\ 5xl 



30 



GaNa^nKSiF-^. i~3XlO»cm 
-\ 0. Um). 37 1»nfjmffi. 3 7 2«pfflJft 

[01113 f¥«*ffitt. ^©«fc^Ktt^-ci>4. fc» 
CCMO C V D£CC J: 0 P - G a N 3 6 9 * t? 
jftfi b *(D«-C«aa»P» 3 6 9 ©±CC-»7 * h 'J 
V^^^WJVX^WU n-GaN/Ga 
PN«lfrT*«lJW3 6 8*i«aH-S*-C*-»*>f* 
^"C. P -GaN^$ni370« 
4. S&K. WfflK«S3 7 1.37 2*»«0. 

[0112] 3^IE»»«t»J10«^». b*^ 7 0 
mA-C^JSvgS«3 7 5 nm. FIHfiU 5 

0 o omfmt-c<D$^3ii{^iM^fc. 

[0 113] fete. *«afcsS«*iSttllK»0-C»«i 

ksmbkrw * t> * # . *aa**«tta«w? t> «t ^ 

[0 114] (Jill 2©HBIB»*>H18«» 

0 1 2 © 3Era&«K*fc*»e**l* U-1f i£g<?» 

[0 115]l4 , © 380llp_SiCSfe 38111 
p - G a 5 JT^— ^Ig-CM-g-F— -5-x-l-0^c— 

m- 3 . 3 urn). 3 8 2«p-GaN7fl»»KH (Mb F 
lxl0 19 cm J . 0. lum). 383«p- 
AU , Ga., N^vFi (M* F-*. 5X10 
"cm- 3 0. 3am) . 3 8 4BA 1... Ga.,N 
Jt*VFi (7>F-7\ 0. 1/im). 3 8 5»^S 
l^^ffittiAl..! Ga... N/A1„, Ga... 
N (7>F _^, #pI2nni, BiI4nm, 3*< 
T ) . 3 8 6BA1.., Ga... N3W FIB (7> F 
-7 0. lum) . 387Bn-Al... Ga... N 
^FKSiF-?'. 5 xl0 17 cm- 3 . 0. 3a 
m) 3 8 8«n-GaN*»«Wi(Si F-7. 1~ 
3 xl0"cm". 0. Um). 389«p-GaN 
«HWi(MgF-^ 5xl0 17 cm- 3 . 0. lu 
m) 390ttn-GaN3>f>H(SiF-7. 
1-3X1 0"cm". 0. ldi). 39 1«nffl"im 
g 3 9 2«pffl'JM®-C*>*. 

[o 1 1 6] tmjsmt. x<d^cu^x^. wb 

KMOCVDS«C*0p-GaN«*S««3 8 9*"C 
R£fi L *<D»"C«»»PWB 3 8 9 ©±K-SP7 # h 'J 
v</ ^- 7 ^ {C j ; i3^^i' ; 5:»fiX^- n -GaN«JR 
50 ^3 8 8*^^**^^^^^^' ' XCi " C> P 



40 



(13) 
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-GaNny^i' hH39 0 ?:lSSt^o S6*C, P5M 
CCtt«3 9 1. 3 9 2*JB(SU *©«SSHCCj:OftS 

[0117] ^JUfemW«<0^r«, U*lMB7 o 
mAt?#BS«fiB3 7 5 nm, FfHBU 5 

[0118] a*$, *8-*i 2©*jBe«cc*n,^. 

M&i L zm^tcW&satmt&&oWMt <t oft 

[0119] (#1 3<Dfi*B&«> H2 1 B. 

[0120] §gfb%)lB:£TMOCVD£CC<fc0/£fi 

"H^fCDG a N , A 1 G a fTWff a*Wt'C'B"^*7^l<*T 
7>^T^l/cfiM-Cl 0 0 O'C^e 1 1 0 0 30 
°CCD$6B. ffiiM**trtS«Bffl**T>*-T#H» 
t7 0 0*Ctif>h8 5 0°CC7)®H<!:L/e o 
[0121] 0*<D4 2 0ttt77^rISt, (0 0 

0 1) cffi%ffl^-C*5"5. U-1f ^~B^£K§tC<fc0 
M^ntl^ 0 410IJn-GaN3>ff H(S 

1 p — zf, 1 X 1 0 18 cnT 3 ) , 41 l(Jn-Al 0 . B , 
Ga 0 .,,N«7 FR (S i F-^. 1 x 1 0 18 c: 
nr J , 0. 6jum)-C^>6o 4 12tt^ll : F#^«S 

(MQW) . Al*t^m F»*£tffSttli 
SPT&D. J^SO. 1 Mm<Z>GaN*>&tt45fc#-f FIB 40 
£ffi«C^TU #FIB3nmfOI n,. 15 Ga 0 . 85 N 
Aft* 6 ft 9* ^VtWiWS 6 nm(D In Jllt ,Ga 0 . 9! 

■ iMQWIiCHfCB, l|32nm©p-AU. IO G 

[0122] S/c, 413^p-Al 0 . 0 ,Ga 0 . 9I N^ 

(MgF-^, 5XlO"cnr\ 0. 6 w 
m), 414Bp-GaN3>if^H (Mg F-^. 
8xi0"cm' 1 , 0. 2 Mm) "C*0, *-h8l$BMg 
^2xi0 10 cm-^CiSMfl:3ntl^ o 4 15BP 50 



3) «fMT 1 1 -2 5 1 685 

24 

t/Ti/Pt/Au^6&SpffJS«> 4 16iiSi 
0 2 BtKttM* 4 1 7BC r/Au*»6&4>*? FJB« 

4 1 8»nffl!l«S"C*S. 
[ 0 1 2 3 ] 4 1 9 B^«tl»«K:ffito*3tBW5yir ^ 

(MQW) iMSfflbtl^o #FIB3nm)W)I 
no.^Gao.soNi^^^ ^9+iB»38nm© 
GaN*6tlteSSn4. #FJ1B 1 0 Ji^**. COM 

q w«iigP(7)#Fil©ffliSB^^S^*t or »jfc* 

tt*<fc5K5£Ufc. MQWtBft<*it?InG 
aNJB£LTJ5S«Ufc»6. ^x/^ffi-C^tL/c^, 
GaN4^'J+ii UtMQTO¥^ I nffl#E*8%J« 

V>-imhtvt£. MQWG>#A&BB. iStt»*>6»P« 

[0 124] **WB«®«3fitt^ ^J^CCOrfftK 

20 14ffl*3U*>te<fc-& F^-fx^^^^RJBSffl^r, 
02 lKlTn-Tcfc^&y r^ii^rJfMt^o §S 

*» (s i o 2 ) mz±mtatmLtc&. ytvvtf^y 

ttfflCt&BPBPiHW, pM«ffi^JfM^"^C<b^J:or 
t#6ft& 0 V v i/<DlBiZf£MV 4 urn. S i 0 2 
tIB 3/iiniL/Co 'J * ^ BCCfffiEr 5£KBitt»6 ¥ 

30 S&Sf&g U fc B l£»Sffifi« 4 0 5 n nu «jf¥*EB 5 . 

i o mw^ rtf 6*k **iitt^Sias«6 o °c, 

ft Si tt&tfS fe^S"C 1 0 0 0 «FMfiUi3cSCCtt^O 
Lfc«Ji-C»6hfc. »«»»f«K:<fc 0 5 0 ymStl 
BlOOmAtK, «Wittl««HKt>3 0X;iffi 
40 [ 0 1 2 6 ] m 2 2 ttst^OBRMUKlBBr ZJKRiWilr 

(ffp) iPftfnitr-AiHFes^iyri* 

(02 l<DHttJ^»©J:5ecO. 9Mingg)T4Ci 
50 CCJ:9, *«WJB3>^^ FJB^©««L'*ttlt'* s ft , W 



(14) 



25 



ltl0nm«±OW#ArSCir. HK7n"J-J:5 
[0127] *©JKJ!©{i§&. bT-.WBtt©*t*tt. 

I nfflfi£%^< bt. MSJftD I nttJSfcWfcTISBt** 

[0128] (» 1 4 ©*»»*> B 2 3 

[0129] «*»&«l«t**0* 1 3 ©£»#«£ H 

^awtt^chiiltti^i. *!KJt2)i4 20 
3 9©*j£RCJlBK{i«C**. #WDW4 3 9 

ttMQW*St*aUBU ^lB3nmJI©I n0.20G 
a o.80NH*>6«:«3 . '< "J +*t*»S 6 n m©G aN* 
hmmti*. #FJi»*2 0)i-C*S. #*JB&»? 
«. n ffliI^S©3>$i'ha5K*5RlR^4 3 9^tab 



[0130] ^S-C© L & I 1 3 ©*S&1f J* 30 

tt6 0*C*>&8 0°CS-ClS<-rSCi*5t*Srfc o ftffitt 

KUtisa-cK-rct^ffiittt). 5 0-c-ciooo 

[0131] (* 1 5©**0I&»> B2 4tt. 
HI 1 5 ©|«BB»K«to4«e*»»; U-lf ©WWW* 

[0 1 3 2 ] 0*4 5 0Bn-GaN3>*? Ml <S 40 
i F-?', 1 x 1 0 1 ' cm" 3 ) . 4 5 l«n-A 1„.„. 
Ga, „N*?»FJi (S i F-?\ ixl0 l> c 
m-*. 0. Bum). 4 5 2»^*S^#^^3t (MQ 

W) , Al+t ^H. ft* 4 F»**to«fflBaw* 
0. J*3 0. UmOGaN^WWFitPii 

#plB3nmf©l n,.„Ga,.„NI*6 
&<3, /<l)-WB«J¥3 6 nm© I n,.nGa,.,iN*6 
fltftSft*. #^)S«5)i-t?*S 0 pflH©#-fFJi£M 
QWliOraCC», i?S2 nm©p-A 1 o.2oGa„... 
NffBH9£8* s WA3*i'ri,»*. 453BP-A1,.,, 50 
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Ga.^.N^jFi (MgF-^, 5X1 O^c 
m -\ 0. 6um). 454Bp-GaN3>fi'H 
(Ms F — 7\ 8X10"cm°, 0. 2iimyC#> { ). 
S±gP«Mg^2X 1 0"cm-'K:i«J*K{t3ti-Ct» 
4. 45 7BPt/Ti/Pt/Au*644pl«i 

[0133] 459 «:**«0B«WC«t>*3t!WlJOi , r?* 
9. 3«*f#P (MOW) #j£*8JBb-Cl,>&„ #^ 
jgB3nm»©I n..,.Ga....NJB*6ttD. + 
Jg««36nm©GaN36>e>«fi5t3ti4. #H!ttl 0 
JTC**. «SHfcS«K£-CJIU 3. *1 4©«IB&» 

4|H|«iM0CVDKJ:D)«ft*tT-ofc. SESafefWfc 

[0134] 4 6 1 4> 4 5 9 4PI«fc#»«Uit?*»K 
nSHMQWIfit (#FH : 3nmJf©S i - I n..,.G 
a....N. /<Uri:W6nm©Si-GaN, #F 
Jftil 0)B) *»6ft'3-€ , ©±tCp -GaN3>* f FJB 
462 (M g F — "7", 8xi0"cm-\ 0. 5 Mm) 
*JSfiOfc. 46 1, 4 6 2«MOCVDK:J:*aRsS 
ft*ffl«.»-Cf¥0-3Wfc. iKB8 0 0 , Citfc. 
[0135] F 

«bs©±-c*j*¥«*-f. wm^-vmmc^mw 

ttftSlsfc. #feif$B«4 0 5 nm. 5 
VC*->fc. t-AWW*!). 95% 

[ 0 1 3 6 ] fcfc, ##69!B±i* Ufc# 1 3 1 5 © 
— 3MM<eHK> ©-•&«^-<- i -*»ft)l.-S.^-^- 
-cs i cfc£fc»B»nfrc. ii-vi «ab£*¥*ffc s 

i, Ge4f*IBl>t4m>. CCTB*HMI*A1G 
aNil/TSBjCl/fc**! n. Ti. Si, C Niftf 

r*ftti«j»©3tffl36^l«6^**. 

as -a- 



[0137] (is 1 6 a>mmw&) cfDm^^mm 

jm (#1 6~^l 8) -CB. *ffiTgP«: I nGaA 1 
NJiftWrSU— 9 , flBfiK*Jt»r. fiflf^SKAs, 

PX«A stP 4IiI^fCC$tf I n G a A 1 NJB&i&fiST 

5<D&5K.. fiealt «tt»b«:*tiy-r»j6»a*%^ 
> F » ^fta&»tt J,»«3IK» L . C ©fWS*ffl«.»4 1 
a' *ib' K*tU-C**tt^> F+"+ »^ft*»r>-CI.» 

9 » F«*> 6»ti**««c < 0 . C ©fcJ0*©«S8K 



(15) 
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[ 0 1 3 8 ] m 2 6 «, #J«BO» 1 6 
to^it^Eft U— tf ©*BM»iS*5* , r*rffiia'?* 5. 
[0 1 3 9] 0*5 2 lfct-tf^WTS^-C*^ 5 2 
2BnMGaNJl. 5 2 3«nSSA 1 Ga •» F 
H. 524B7>H-'7'GaNWFl > 5 2 5BI 
nGaN/InGaN*6aiffF#Plt?*4. 5 2 
BBpfiGaNM-f FJf. 527»pIAlGaNi' 
7,Fft?M. 5 2 8, 5 2 95*-en-en. n<kp© 

[0140] C C * t?flC«*Hl(dEKln**3«S»«tr 
«, tffi3>$l' F35KA s^ts^^f FJ15 0 
l! 5 0 2*KWCt>S. 50 1B, nSGaNAsl 
5 0 2(ipIGaNAsfCW. tSStfESK 
BMOCVDfcttfflO-Cto"). 50 1. 5 0 2©&H£ 

fc. 20 

[0141] SfCtt. «3fcaW*Si« 

«aWB««i©^> F*> ^ 

±l3«fiR©U--!f©0*i<>«*l kA/cm ! -C4>9, 

[0142] (» 1 7 oymmmm) H2 7 «. #*hb© 



fill 7©^»^K^to^^*^-WW«a^ 



[0 1 4 3 ] 11*5 3 lBt7r JTW&X'lSb*) , 5 3 
2BnSGaNl, 5338nSAlGaN«»F 
g, 53487>H-^GaN*^Fi. 5 3 5BI 
nGaN/InGaNHWi^FIt?**. 5 3 
6BpfiGaN3t#'f FJf> 5 37» P SAlGaNf 
5,Kf, 5 3 8, 5 3 9«-en^n, nip©SSt 

[0144] 5 03ttnaGaNPit*9. 5 04B 
piGaNPlt!*e. «HBWER«MOCVD*tt«b 
TteO, 5 0 3, 5 0 4©-&®*$gS-e*B$©.&)afi 40 

jB«*«i©Wc»i/2 0 0lSfi<ori,»*. c©#ji© 
U-tf©l/*W>tf«. lkA/cm* T?*«K «£*©1 

[0145] (*18 ©3«W»> S28B, #&HjJ© 
JR 1 8 ©*IBB»K«to4*»(* U— !f ©««M»«*w 

[0 146]H'f5 4 1(it7 7-f7ifi-C*fl, 5 4 
2ttnIGaNI. 5 4 3BnfA 1 GaN*5 » F 
Jf. 544B7>F-7"GaNWFI. 545BI 
nGaN/InGaN^ftii^FB^**' 54 50 
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6BpSGaNW FJi. 547ltpSAlGaN* 
9»FJB. 548. 5 48B*Wti. nipO^St 
4)0, pSS«3 um<mltW$b'C^&* 
[0147] 5 0 5BnSI nGaNAs PITC**). 
506BpHnGaNAsPlt*l>. *S&J&S«M 
OCD^flLtfcO- 5 0 5. 5 0 8©&Jl*(d*fi3 
«S«f©*BSfi«tt*fl!l©IIK:*tU2 o 0«<g< 
£„ C©«S©U"-1f©L'^ t ' ) W«- lkA/cm J -C 
*D. SE*©l/5fitTK&or^2,. 

[0148] *mnte±&Ltcm i6-»i8* 
!BK««:i!Ke3n5«>©-c«ai». aw&MrcBWB* 

[0149] <»1 0©3taBU») H2 9B. 
91 9©»l*»K«t>S*»i*l'---!f«>* ; F*«*w 

[0 150] 1f7T>fTS«±6 10«C. GaN*6ft 
5;<,7 7 16 11, Si F-y©n-GaN*>£>&£ 
n!3>59 H6 12, Si F-^ffln-GaAl N 
A^f^nS?5^F16 13, SiF-^On-Ga 
N*W5nS*M FH6 1 4, F+*+ '^^^ 

^-Asgtto. -en-enojis^i o nmt(T©2ii 

©InAl GaN»©»9iEOr*UK3ft*HW«liS*» 
6tt4*a*f#F«JB*> i &a5MQWtgttJBe 1 5, 

Mg F-^©P - GaN«>6ft5pS*'-f FJI6 1 6, 
M? F-7"©P -A 1 GaNW&Sp^^? FSB 
— T7- M-g-F-^©G-a-N-^-feS-P^3->-^-FJi-6- 
1 8. S6MO±»Kp|Hi6 2 2*mBJS3*vC».» 
S. ZUX> pl3>i'<'H6 18*6ni3>$? 

hH6 i 2 ©&** rawest i?^^* 1 - ssfflo 



fcn S3>^^ MI6 1 2©SSSK«n««S6 2 1 *» 

[0 15 1] CCC, pffl'J^V FJf 6 1 6, pWJi»^f 
FB6 17. p|||a»?H6 18K-Jl»m *© 

m< bf5. plli-7 !.Fi6 17BAl.., ! Ga..„N 
40. 0 5(imHTil. «WLrt>il>. pffl'J=*>2 
?H6 18BGaN*0. 0 5ymOTil/, t»Sl 

[0 15 2] «Sft»«©J:9Ki'9 7 FH 6 1 7 4 
0. 0 5um«T«:i/te*§£. H3 0K:ijV4M:Slc** 

[0 15 3] *fc, S6*FFPBH3 3©J:9K*»tt 
«*ttp-GaNa>**H16 1 8. n-G 
aN^V^JHe i 2©*BHDii»K#l6U?tt-f 
4*t/Ct»S. *l^6»C«fceJ;^(Cp-G 
aN3>**h618*»<-r*CiKJ:*). H34© 



(16) 



1 1 -2 5 1 6 8 5 
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30 



<fc5CCFFP«#*WfcT£. 

[0 1 5 4] «±©J:5KLT#fc¥»#U— ^ 4 

2 0nm«is©iftft'caajittiaib, *©bsi>ffitt 

lkA/cm 1 SfcU-1f»8«:*jWSF 

[0155] «20 (DggM&tt) *IM80*2 

£#ttJ£tt£ 1 9 ©HH»»Oia 2 9 £RMTC* 0 , C 
hilltt 4*tt, pS^F16 16, P SS*5*FJi 
6 17, pl3>^^ M| 6 1 8©#flfC*£o 10 
[0 15 6] Cti6«col^it ;XOJ:9tcW3* 
HJ&i-*. ^"T, pfiiWF16 16«0. 0 2um« 
T£U ^K^TfeJ:^. p«J*^* F»6 1 7 8A 1 
, 15 Ga, !5 N^O. 35MmWo P flH:a>**F 
I6 188GaN^0. 0 5 umHTi U SBSl/T fe 
<fclr>. 

[0157] ;*^^jBfcteWS«fc^£#*f FB6 1 6 

kA/cm ! feiTT'&O, SfcU-lffSSKfcWSFF 

[0158] (»21 Wmmm *CC, *»»<D* 2 

S#l«Rtt3l 1 9 2 9 * 0 , C 

ft£»ft4*K* pS^V F»6 1 6©flt!?fc-e&£. 

[0159] #sa^aKc*$tf4pS#-f fjbb i 6 



15TMTT^^<7Tp"An~^ 

4 0 BP%. pfPJJ^V F)i 6 1 6©afiJ»GaNi^f. 30 
In45%£lk, XBAl*5 96JEUii-r*. pffl*J^> 
£^ Mi6 1 8«GaN*0. 0 , * 

[0160] i32(CM^^>f FJffflJ&£GaN^6 

M'-7a-«sn5cwWo cn«, #v f 

[0161] CCDJ: ^^19-21 ®^tfeJ&»CCj;ft 
tf-£ffiM*r£<tftK:* pSS/Z-fFIB. pS^7>;F 
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iiea-r * c i *s piub t ft &o 

[0 162] 
C<b^"5Jf£<bft&o 

[0163] <fc 9 AfftWfcfc* (WliJBiSfc^Sfcft© 

cD^r^L/c, ( 1 ) (DlMBfc itttf. 
^d^jfi&fll^S^^^ FJB©rSttBiJS*MHJ^ I n 
GaN«(D*««WXl*ffl*f*©fiii*A lGaN?©i 

fMU F F PO«4«btnHB«:t4C i* 1 ^** cncc 
J:DiaBL/*^ffl*><S<T6Ci:*^I«ift4- 
[0164] ( 2 ) 0^tlt rgfi Jf*lfci*2g«4G> 
Rft4*9 ? FJBO^HCc5aft*K:aeB&3e»«RW*R 
WSCiCCiD, W^-FttSaMBTC***** 

jRS-eic: choc* 9, ttJSSrt-coffiffi 

*9t«B#lft«:aieK:ft0, FFPlW^^loffi 
#s 0 ft #JWc * * 3 6 cc ti#j£BM*'h 5 < -T 6 c <t 

[0165] ( 3 ) (DfBKfc <fc*ltf, y^^^OflKS 

x^^-^Hfil^^ F+> ^x*^-*^ 
36»jR»*i*W-5CitcJ:oT:, * FJB«:»«Ofc 

1f|6Sl^tc**HCi^^-F*siL*S<ft4o cftOc 
J:0. jfe-f^X^-^U-lf^D^x^^tcffll^tiSF 

<bft& Q 

[0166] (4) (DmM^tlU, rSttH^OF^ 
*?:7J:9M^St^>F^+?^*W"r4 I ntSt? 

fictm, cn^<fc0ffiu^i^ts^*^-F 

[0167] ( 5 ) ©fSgjCCititf. liTStCA s . 
P£^t* I nGaA 1 NW<D*>*2 FH£?fM-f 

£*£ft< LT#B!i;&tf>**»U FOSSES 
[0168] (6) ©2S9IK:j:*i«, pfflU#>fFHX« 
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p»l^»FlSn flJ<D**l J: 0 W < %> C <b K <fc 

[0 2] i&tjLSfH* ( N F P ) ©{MMScffttSr^B. 

[H4] s£*am©aa»* <ffp> t*9mtc*s» 

S F F P £ £ttl3 L, t^fic 
[05] iS^-K^B#cD^CcJ:6L*^ffi^b^ 

[06 ] H 1 <D3©KSJKJI8CC*5W — If tctec* 

[H7 ] »2oia^«cc«tos**»u--if©* : f-ai 
[as] m^<Dm^m^m^^=mw^-^<om^m 

[010] ^5C0JI»^C^^>^<*U-^^ 

[0in mB<Dmmmm^ty^n^mmw^-^<D 

— mT-2rTr&TV&8tt^ 

[013] »8<Z^Ofc»«CC«*>S*&2|MW*u^lf© 

[014] »9<Z^ai^«CC«to4«a*3W*U-1fO 

«»jS^^-rKE0o 

[0 1 5 ] Hi 0<D||ll^ttCC«t)S»fe*»»U---1f 

[016] m&m<DFFP%W5&mtm%oxm-rmo 

[0 l 7 ] HI lO)j|JWP«K:ffto4«e^Mtu-'!f 

[018)11 2©*«0&ttCC«to4«fe*»*U--1f 40 

[019] tfry-ffi^i/O F*> y £<Dm 

[02 0] »?3ettOM«Htti©H«*^H. 
[02 l ] SI 3<DlOBg»cc«to4«e*»»u--lf 

[02 2] Hi 3©H*BB»©Mffl*8ttW"r*fc«>© 



( 17) *SH¥ 1 1 -2 5 1 68 5 
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0o 

[023 ] si 4©ia^JBcc«t>s«a*»»u-if 

[02 4] HI 5©*SB^fflK:fft>*»e*ai»U-tf 

0«*gj&£^-rtfiTffi0<> 

[025] HI 6—1 8©HSBJI5JRK:*5W*fPfla*Si98 

■rsfca&cDiao 

[02 6 ] HI 6©l6tl^«K«feS*»#U---!f©« 
[02 7 ] HI 7©*JWJ«CC«t>**3W*l/— tf©« 
[02 8 ] HI 8©IOW»CCfft>S*»#U--1fO« 

ig^^^^-r»Tffi0o 

[02 9 ] hi 2ommmimt>&mi>w\s-*?<Dm 

[03 0] =^ V7t-^-7 n-CO^^ ^ FJlfiMK?? 

[03 2] U 7* — ^ — 7 &—<01j4 FJttflfiRti!c# 

[03 3 ] fiE*«jfitCfcW4U-1f«3SOF FP^f 

0. 

[03 4] HI 6©IS»W5»«:*$wau-1f5ai©FF 

1 1 O-^r -Y7XS 
1 1 1 -GaN^^yl 

_1^2— G-a4^->-£-2-U 



1 1 3 - n - I n G a NXUA 1 G a N**«^- FfM 

114-n-InGa N^cPRjRIl 
1 1 5-n-A lGaN^77 FJB 

1 1 6- n-GaNX»I nGaN^V Kg 

117- n-A 1 G a NSMWMJt 
1 1 8-- I nGaN-MQWt£ttJi 
1 1 9 ••• p - A 1 G a NiSJSPf MJf 

1 2 0-p-GaNXBI nGaN^V Fit 

12 1-p-A lGaN^7'> FJB 

1 2 2 p - I n G a Nt£(RjKJ! 

1 2 3-p-GaN3>?^M 

1 2 4-p- I nGaNXBA 1 Ga N*»jft*- FW 

mm 

1 2 5-pWI 
1 2 B-nffl!J«S 

127-n-Ga NXBA 1 G a Nmiffi^tf *j ?M 



(18) 



mmW- 1 1 -2 5 1 6 8 5 



[HI] 



[H2] 



VZZZZZZZZZZl 

p-GaN 



p-GaN 



p-AlGaN 
p-GaN ~~ 



MQW 



n-GaN 



n-AlGaN 



-125 
-123 

-124 p-InAiGaN 
-123 

-122 p-InGaN 

-121 

J20 

—119 p-AlGaN 
HIS 

Ml 7 n-A2GaN 
H16 
-115 



1 126 

1 \//s//Aa 



n-GaN 



.112 

-III GaN 
J 10 



[S3] 




fc3MKB^**A m*mm &mm& 

+9ftRJS +BSJKJS 

ftl&ijg ffilM W»B 

IS 2fi 3 S 



m 



[05] 




=3>5^h ^»|-' ^fJ, 



p-GaN 
MQW 3>^^ h 



t 2 



[04] 



- W-sws — I — - 




_2qo o* 20° ^IS^fW 

[015] 



351 

350>srzzZZZ^ZZZ 



349 
348 
347- 
346 "t 



□ C 



344 

343~ii 



352 



.342 
-341 
-340 



n-l n n+l 



(19) 



ftH^l 1-251685 



[06] 



[07] 



p-InAtGaN 




r 



.126 



n-6aN 



JI2 

-UIGqN 

-110 



[ZZZZZZZZZZ3 



p-GaN 



p-AJtGaN 



p-GaN 



MOW 



n-GaN 



n-AiGaN 



n-GaN 



.125 
J— 123 



.121 



120 

—119 p-AiGaN 
-—118 

117 n-AiGaN 
116 

115 113 n-InGaN 

126 



HI4 n-lnGaN 



n-GaN 



JliGaN 



[09] 



[08] 



zzzzzzzzzzzzzr^ 

p-GaN ■ 



p-GaN 



p-AiGaN 



p-GaN 



MQW 



n-GaN 



n-A*GaN 



n-GaN 



.125 
-123 



-124 p-InAiGaN 
-—123 

-122 p-InGaN 

-.121 
^120 

*A 19 p-AAGaN 
-^118 

n-AIGaN 

-116 
1 15 



||3n-InAiGaN 
.|!4n-InGaN / |26 



1 



n-GaN 



^-7 t < 7I« 



-112 

JIIGaN 
.110 




MQW 



n-GaN 



-124 p-InAlGaN 

hC-^127 
V|22p-InGaN 

121 
-120 

-119 p-AJGaN 
-118 

-117 n-AiGaN 



n-AiGaN 



n-GaN 



i«r«M H3n-InAlGaN 
-H4n-InGaN / 

f l~" 

_ZZZZZZZZ2^ 



J26 
J 12 



n-GaN 



-J 



112 

IGaN 
(10 



(20) 



1 1 -2 5 1 6 8 5 




[HI 0] 

125 
123 

1^124 p-lnAAGaN 
127 

122 p-InGaN 
127 
121 
-120 

119 p-AiGaN 

.18 

117 n-AiGaN 
116 

115 U3n-lnAiGaN 
H4n-lnGaN / 

126 



[sin 



216 



v^gZZZZZZZ^szsr 



218 




[013] 
311 



[012] 



216 



304 



.308 
,307 
-306 




1$m¥- 1 1 -2 5 1 6 8 5 



[HI 4] 



[018] 



[02 0 ] 
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3.2 3.3 3.4 3J5 
Lattice Constant (A) 



[02 2 ] 




20 30 



124] 



457 454 453 
fy *F t 462 




C22) 



1 - 2 5 1 6 8 5 



[025] 



[02 6 ] 



[027 ] 



m 



529 




V^O' 553 
— 522 




Eg 



[029 ] 



[028] 



549 P -«a 



p -GaN 546-g 
n-GaN 544 
n-AIGaN543 




506p-InGaNAsP 
547p-AiGaN 

545 InGaNMQW 
r 548 n -«E 



505 n-InGaNAsP 
542 n-GaN 

541 t77^f7 




.p-GaN 
p-GaAlN 

41-p-GaN 

n-GaN 

■n-GaAXN n®I 

yss/Jsh 6 21 





(23) 



1 1 -25 1 68 5 




[0321 




4 



C24) 



■ftfflW-l 1-25 168 5 



[034] 




»3SJi|*JiWt6*IX/]>iaiJKSWl*w » 

tf^jiimjMKrtJ^E/MsimsBr i #«a » 



tin* I 1 -2 5 1 68 5 



[»tTH]¥»S14*9fl2TB (2002. 9. 27) 

[&M#-#] ^M^P- 1 1-251685 
[^H]*ail*9*l7B<l 999. 9. 1 7) 
yjfflSIMi* 11-2517 
r^]#»1 0-53 3 53 

HOIS 5/30 
H01L 33/00 

[F I 1 

HOIS 3/18 

HOU 33/00 C 

[«BlB]¥Jai4*P7«10H (200 2. 7. 1 
0) 

ttJftK&ll'J^ K>9, Fa********** 

2 ] mb# u f AjMk^***** 4 ^ a 9 - ffi 
eitai^s©****** fh^k^^ 

IffU* , FJi©9 *d>* < t 5 ' FIBO,S 

,Rlf i K? 7 ? FJl<fc*> feB^*©^**^*^ 

[11*184 la^'J^^t^* 2 ^ 11 ** 6 * 0 ' 
«»***£©«** Hit»^^^ ra 

«EtgHyi<c+ ♦ r tttXf ftfc*©^ 

*> 1 B<D*«**#aW****» 1 ©**«W*3b* 



r *ras 5 ] a* ttf y * a jMb£**»**» e» a o . rs 

Wfe»«ffl©llft***' FBtWA,****-^* 

**-©><> f+> * zftfryxmrnim-czzz 

***** i n " e HJi>?? 

MIWH ±©«a«*Hc ; ■ * s 

ft< tt _^ 4 ^:a:/**t-B«B«l/tfc*"* 

[It** 8 1 iStt**»#*" F»tf**h. 

Fireifttnteiwt^ww^iJRft 

-*«j*3M**» 6 ft & u "~ r ^ "° T % 

^ nW ^, fb^m^^********* 1 ' 



-If. 



-ffl 1- 



■St » m j; jfe^ffifaW-W^afa *) are* ? y FWfrfe 

o<p*gni»±)B ***«o-cft* r- tzftmt?z* 



1 1 -25 1 68 5 

tin** 1 1 1 ttrga^^^^ g^ * <tt>i 

ma. mm>?=>~> Kl!C^L/^ ^SCj:^i 



-» 2- 



